Abstract
for a headache and weakness, and as incense in the rituals of Umbanda and Candomblé [3, 5, 6] .
The essential oil can undergo a qualitative and quantitative change in several stages of the vegetative life of the plant because its metabolic activity has a chemical interconnection with the medium in which it is inserted. Some environmental factors contribute to this, among them, the circadian regime, which refers to the time of collection of the plant throughout the day, and the seasonality, which represents the time of collection during the year. Thus, the production of the oils can suffer variation due to environmental changes such as temperature, relative humidity, precipitation, solar radiation, among others, occurring during the day or a certain seasonal period [7, 8] .
There are few reports on the composition of the essential oil of L. thymoides. Two specimens from Olindina and Feira de Santana, Bahia State, Brazil, presented leaf oils with (E)-caryophyllene as the main component, followed by other sesquiterpene hydrocarbons in a lower percentage [9, 10] . The oil of another specimen, sampled in Belém, state of Pará, Brazil, presented thymol as the significant component [11] . Regarding the biological activity, the oils of L. thymoides with a predominance of (E)-caryophyllene, showed spasmolytic and antidiarrheal effects [12] , besides antimicrobial activity and significant relaxing potential in pre-contracted smooth muscle [10] . Crude extracts of L. thymoides (leaves, flowers, and fine branches) also showed antimicrobial activity, healing, and anti-thermic action in rodents [13, 14] .
The present study evaluated the circadian and seasonal variation of the essential oil of a thymol rich specimen of Lippia thymoides, previously submitted to a cultivation test in the city of Abaetetuba, State of Pará, Brazil, intending to its future economic exploitation.
Experimental

Planting of Lippia thymoides
The vegetative propagation of Lippia thymoides was initiated with the donation of a seedling, by a resident of the Municipality of Abaetetuba, State of Pará, Brazil. From this seedling, other two seedlings were prepared which, together with the initial seedling, formed the three matrices. Then, the plant was propagated with stem cuttings (30 stakes, 25 to 30 cm long) in disposable plastic cups, using black earth as a substrate, according to [15] . The experiment was maintained under these conditions for 5 weeks, with watering of the plants at the end of the day. Then, the 30 seedlings were transplanted to the field, arranged in two lines with a spacing of 50 cm between each seedling, without soil fertilization. Following the same methodology, after 3 months another 30 seedlings were produced. The planting occurred in the locality known as "Colônia Velha" (01°46′15.9″ S/48°47′02.2″ W), PA 151 Road, Municipality of Abaetetuba, State of Pará, Brazil.
Plant material
For the seasonal study, the leaves and thin branches (aerial parts) of L. thymoides were collected monthly, between January and December, always on the 15th day, at 6 a.m. For the circadian study, the collections were carried out in February (rainy period) and September (dry period), at the hours of 6 a.m., 9 a.m., 12 a.m., 3 p.m., 6 p.m. and 9 p.m. Samples were collected in triplicate. The botanical identification was made by comparison with an authentic specimen of Lippia thymoides and samples of the plant (MG 213373) were incorporated into the Herbarium "João Murça Pires" of the Museu Paraense Emílio Goeldi, in the city of Belém, State of Pará, Brazil.
Climate data
Climatic factors such as relative air humidity, temperature, and rainfall precipitation were obtained monthly from the website of the Instituto Nacional de Meteorologia (INMET, http://www.inmet .gov.br/porta l/), of the Brazilian Government. The meteorological data were recorded by the automatic station A-201 of the city of Belém, with a range of 100 km. The plant cultivation area and sample collection are located in the municipality of Abaetetuba, about 52 km from the city of Belém, thus within the radius of action of the A-201 automatic station, which is equipped with a Vaisala system of meteorology, model MAWS 301 (Finland).
Plant processing
The fresh plant material (leaves and fine branches) was cut, homogenized and submitted to hydrodistillation (65 g, 3 h) in a Clevenger type glass apparatus. After extraction, the oil was dried over anhydrous sodium sulfate. The determination of the residual water content of the plant material was carried out in a moisture-determining balance using infrared. The oil yield was calculated in % m/v (mL/100 g) [16] .
Analysis of oil composition
Qualitative analysis was carried out on a THERMO DSQ II GC-MS instrument, under the following conditions: DB-5 ms (30 m × 0.25 mm; 0.25 μm film thickness) fused-silica capillary column; programmed temperature: 60-240 °C (3 °C/min); injector temperature: 250 °C; carrier gas: helium, adjusted to a linear velocity of 32 cm/s (measured at 100 °C); injection type: splitless (2 μL of a 1:1000 hexane solution); split flow was adjusted to yield a 20:1 ratio; septum sweep was a constant 10 mL/min; EIMS: electron energy, 70 eV; temperature of ion source and connection parts: 200 °C. Quantitative data regarding the volatile constituents were obtained by peak-area normalization using a FOCUS GC/FID operated under GC-MS similar conditions, except for the carrier gas, which was nitrogen. The retention index was calculated for all the volatiles constituents using an n-alkane (C8-C40, Sigma-Aldrich) homologous series. Individual components were identified by comparison of both mass spectrum and GC retention data with authentic compounds which were previously analyzed with the aid of commercial libraries containing retention indices and mass spectra of volatile compounds commonly found in essential oils [17, 18] .
Statistical analysis
Statistical significance was assessed by the Tukey test (p < 0.05) and the Pearson correlation coefficients (R) were calculated to determine the relationship between the parameters analyzed (GraphPad Prism, version 5.0). The Principal Component Analysis (PCA) was applied to verify the interrelation in the composition of the oils of the leaves, collected at different times and months (software Minitab free 390 version, Minitab Inc., State College, PA, USA). The Hierarchical Grouping Analysis (HCA), considering the Euclidean distance and complete linkage, was used to verify the similarity of the samples of the oils, based on the distribution of the constituents selected in the PCA analysis.
Results and discussion
The rational planting of L. thymoides can determine a better use for this species in the Amazon, with basis on the economic exploitation of the essential oil of some known chemical types. The crop, established in underutilized areas of secondary forests and savannas, can lead to it densification and consequent commercial exploitation.
Planting of L. thymoides
A cultivation test was carried out in a dystrophic yellow latosol, medium texture, with solar radiation incident only in the morning, presenting excellent development. Plant material collection began 6 months after planting the first seedlings. At the sixth month, the plants varied from 68 to 103 cm in height. At 8 months of age, the plant registered a maximum height of 180 cm. At each collection, 3 to 4 plants were cut at the height of 25 cm from the soil, and their leaves and thin branches (aerial part) were destined to the experiment predicted in this work. The regeneration of these plants took from 3 to 4 months.
Essential oil yield vs climate parameters
The climatic parameters, temperature, solar radiation, precipitation and relative humidity were monitored in the 12 months, to evaluate the seasonality in the yield and composition of L. tymoides essential oil. The mean values of temperature and solar radiation, between January and December, varied from 22.9 to 26.5 °C and 873.2 to 1123 kJ/m 2 , respectively. Likewise, mean relative humidity and mean rainfall ranged from 55.45 to 70.32% and 50 to 540 mm, respectively. Based on the precipitation data, the rainy season was from January to June, with a mean of between 250 and 540 mm, and the dry period was from July to December, varying between 50 and 180 mm. On the other hand, the temperature remained almost constant with an annual average of 23.86 °C ± 0.87 (Fig. 1) .
In the Brazilian Amazon, only two seasons are considered throughout the year: a dry period and a rainy period and, among them, a few months of transition [19] . Due to the hot and humid climate of the region, precipitation is a parameter with high heterogeneity and significant variability of local and time. Thus, the dry period (called the Amazonian summer) and the rainy season (called the Amazonian winter) may present changes in its beginning and end.
The yield of the oils of L. thymoides in the seasonal study was 0.3% (May and June) to 1.3% (January, November, and December), with a mean of 0.7 ± 0.38% in the rainy season months, and 0.9 ± 0.36 in the months of the dry period (see Table 2 ). Thus, throughout the year, the yields of oils did not present a statistically significant difference between the two periods (p > 0.05). However, in the seasonal study, oil yield showed a strong correlation with the relative humidity ( Table 1 ). In the circadian study, the oil yields were 0.7% (6 pm) to 1.1% (12 am) in the rainy season and from 0.5% (3 pm) to 0.9% (9 am) in the dry period. No statistical difference (p > 0.05) was observed in mean yields of the circadian study, which was 0.88 ± 0.13% in the rainy season and 0.72 ± 0.15% in the dry period. In the circadian survey, analyzing the yields of the oils about the collection times, a strong correlation directly proportional to the temperature (r 2 0.71) and a strong correlation inversely proportional to the humidity (r 2 − 0.75) were observed, as can be seen in Table 1 . Previously, studies with L. thymoides reported an oil yield of 0.71% for a sample collected in the city of Belém, State of Pará, Brazil (11) and an oil yield between 2.14 and 2.93% for another sample harvested in the city of Feira de Santana, State of Bahia, Brazil [10] . These differences in the yields of L. thymoides oils can be attributed to the diversity of the climatic factors in the plant collection areas.
Composition of oils
The identification of the constituents of the oils by GC and GC-MS was on average 99.3% and 99.6% in the seasonal (S) and circadian (C) studies, respectively. In total, forty-five constituents were identified, and they are listed in Tables 2 and 3 .
The predominance of oxygenated monoterpenes (S: 76.3-91.8%; C: 70.6-83.2%) was observed in the oils, followed by monoterpene hydrocarbons (S: 1.2-13.7%; C: 12.4-21.6%) and sesquiterpene hydrocarbons (S: 3.9-8.4%; C: 3.6-9.1%). Thymol (S: 65.7-80.0%; C: 61.5-77.8%), thymol acetate (S: 4.8-13.7%; C: 4.5-9.0%), γ-terpinene (S: 0.5-6.4%; C: 4.8-8.4%), p-cymene (S: 0.5-6.4%; C: 4.1-8.8%), and (E)-caryophyllene (S: 2.9-6.2%; C: 2.9-6.3%) were the principal compounds. The mean thymol content was higher in the rainy season (S: 77.0%; C: 74.3%) than in the dry period (S: 69.9%; C: 64.5%). The climatic variables that most influenced the thymol content were rainfall precipitation (directly proportional) and solar radiation (inversely proportional), as can be seen by the correlation data in Table 1 .
A similar study with Lippia origanoides Kunth, collected in Santarém, State of Pará, Brazil, whose primary component was carvacrol, a thymol isomer, did not show a statistical difference for the two collection periods (rainy and dry seasons), regarding the carvacrol content [20] . Besides that, in previous works was observed that oils of Lippia species occurring in the Intercontinental Amazon have shown significant amounts of thymol, [23] . This way could consider that these thymol-type oils may result from the polymorphism of some different Lippia species, mainly taking into account the climatic factors of the collection sites.
Variability in oil composition
The multivariate analysis of PCA (Principal Component Analysis) (Fig. 2) and HCA (Hierarchical Cluster Analysis) (Fig. 3) was applied to the monoterpene hydrocarbons (MH), oxygenated monoterpenes (OM), and sesquiterpene hydrocarbons (SH), quantified in the oils of seasonal study, in association with temperature, solar radiation, relative humidity, and precipitation, the seasonal variables at the plant collection site. The main components (PC1 and PC2) presented a proportional variance of 54% and 21.8% respectively, and the total variation of 75.8% in the PCA analysis. The CP1 component was mainly responsible for separating the two groups formed in Fig. 2 . The HCA analysis, considering the Euclidean distances and complete bonds, confirmed the formation of two distinct groups, as observed in the dendrogram of Fig. 3 . Group 1 is associated with the variables from January to July, characterized by the higher content of oxygenated monoterpenes (82.3-91.8%) and is related to temperature variation and precipitation. During these months, a low temperature was registered, between 23.1 and 26.5 °C, and the highest level of precipitation, between 180 and 540 mm. The group II, represented by the months of August to December, is characterized by the higher content of monoterpene hydrocarbons (9.3 to 13.7%) and sesquiterpene hydrocarbons (5.8 to 8.4%), and related to a low relative humidity (57.5 to 70.3%) and to the highest solar radiation (1123 to 1219 kJ/m 2 ) observed in the seasonal period.
The composition of the oils in the circadian study, during the rainy (R) and dry (D) periods (Table 3) , presented on average the following primary constituents: thymol (R: 74.3%; D: 64.5%), γ-terpinene (R: 5.4%; D: 7.6%), thymol acetate (R: 5.4%; D: 6.3%), p-cymene (R: 6.0%; D: 6.7%), and (E)-caryophyllene (R: 3.3%; D: 5.1%). Thymol showed a higher percentage in the rainy season, while γ-terpinene, thymol acetate, p-cymene and (E)-caryophyllene showed higher levels in the dry period.
Similarly, PCA and HCA studies were applied to the constituents identified in oils from the rainy and dry periods of the circadian study (Figs. 4 and 5) . The main components (PC1 and PC2) presented a proportional variance of 49.6% and 25.3% respectively, and the total variation of 74.9% in the PCA analysis. The HCA analysis, considering the Euclidean distances and complete bonds, confirmed the formation of two distinct groups, as observed in the dendrogram of Fig. 5 . Group I was formed with the constituents of the oils resulting from L. thymoides collections, in a daily cycle of the rainy season (February), characterized by the higher thymol content, followed by the minor percent of (Z)-hexen-3-ol, α-thujene, α-pinene, α-phellandrene and humulene epoxide II. Group II resulted from the grouping of the oils of the plant samples collected during 1 day in the dry period (September) and it was characterized by a higher content of p-cymene, γ-terpinene, thymol acetate and (E)-caryophyllene, followed by a lower percentage of myrcene, α-terpinene, 1,8-cineole, terpinen-4-ol, methylthymol, and germacrene D.
It is widely known that essential oils can vary in composition depending on the place, time of day and seasonality. Therefore, these different chemical profiles must be associated with the environmental conditions existing at their respective collection sites. The knowledge of this variation in the composition of L. Thymoides oil is essential from the ecological and taxonomic point of view, regarding the management and economic use of the species.
As already mentioned, Lippia thymoides is a species little studied from the phytochemical point of view. Literature report methylthymol as the main constituent of the essential oil of a specimen of L. thymoides described to Brazil, but with an unknown collection site [24, 25] . Two other specimens with occurrence in the State of Bahia, Brazil, were reported to have essential oil rich in (E)-caryophyllene [9, 10] . Also, there is another citation of a specimen collected in the State of Pará, Brazil, whose main constituent was thymol [11] . Thus, based on the information obtained in the literature and the present study, the essential oil of L. thymoides has shown the following chemical types: methylthymol, (E)-caryophyllene and thymol.
Thymol, methylthymol, thymol acetate, p-cymene, and γ-terpinene are all monoterpene constituents that occur together in many other essential oils, particularly in Lippia species [21] [22] [23] . All these constituents are derived from the same biosynthetic pathway in the plant, where γ-terpinene is considered the biogenetic precursor of the other monoterpenes [26, 27] . 
